The sella turcica has gained importance as a stable bony landmark in cephalometric studies. This study explored the changes that accompany postnatal ontogeny of the sella turcica until full development and verifĳied its contribution in age estimation and sexual assignment among Egyptians. Six selected measurements of the sella turcica of 215 Egyptian patients were assessed using multidetector computed tomography. The patients represented diffferent ages and were referred to the Diagnostic and Interventional Radiological Department, Faculty of Medicine, Alexandria University. The gathered data were then subjected to statistical analysis, including correlation and regression analysis. The measurements of the sella showed a strong correlation with age. Three selected measurements demonstrated signifĳicant sexual dimorphism: sella width and anterior and median height in subjects 20-25 years old. Six regression equations were derived. The accuracy achieved by the combined parameters in the younger group (<25 years old) was higher than that in the older individuals. This study provides useful tools in the determination of age and sex in both forensic and bioarcheological disciplines. However, further studies concerning the shape are strongly suggested.
S uccessful age estimation remains an imperative element of any medicolegal investigation and a challenging task for both forensic experts and physical anthropologists worldwide (Prahlow 2010) . Sex determination is of the utmost importance in the osteoarcheological domain to make accurate reconstructions of the biological profĳile of ancient human remains of past populations (Álvarez-Sandoval et al. 2014) . In fragmented skulls, which are encountered in either natural or manmade disasters such as fĳire, plane crashes, violence, or terrorist attacks, most of the classical characteristic signatures are obscured. Hence, sex and age determination becomes more difffĳicult in medicolegal examination (Pope and Smith 2004) .
The sella turcica has gained importance as a stable osseous landmark seen on lateral cephalometric radiographs (Axelsson et al. 2004) as well as in craniofacial superimposition techniques (Standerwick et al. 2008; Gkantidis et al. 2015) . It is a saddle-shaped depression of the sphenoid bone located in the middle cranial fossa that houses the pituitary gland. The sphenoid bone is one of the bones forming the skull base. The sella is concave in sagittal projection and convex in coronal projection. The borders of this part of the sphenoid bone are formed anteriorly by the anterior clinoids and the sellar tuberculum, whereas the posterior clinoids form the dorsum sella (square part of the sphenoid bone). The floor of the sella turcica is the posterior part of the roof of the mostly asymmetrical sphenoidal sinus (Figure 1 ). The sella turcica is divided into three segments, consisting of an anterior wall, a floor, and a posterior wall (Tekiner et al. 2015) . There are three basic morphological types of sella: circular (most common), round, or flat (least common) (Konwar et al. 2016) . The development of the sella turcica is interrelated with that of the hypophysis celebri (the pituitary gland), which must be completed before the sella turcica can be formed. A deviation in the development of the pituitary gland may lead to a deviation in the morphology of the sella turcica (Kjaer 2015) .
Although the overall development of cranial base synchondroses has received less attention than that of long-bone growth plates, it appears to be more genetically controlled than environmentally afffected. Many genes have been proven to be fundamental in the development of the craniofacial complex in diffferentiation and migration of neural crest cells (Cobourne 2000; Simões-Costa and Bronner 2013) .
Although there is a general agreement that most of the sex-specifĳic traits are developed only during adolescence (Scheuer and Black 2000) , there is an ongoing debate about whether we can diffferentiate between females and males before puberty. However, this sexual dimorphism is minor compared to that seen in adults, so it will be more difffĳicult to conclude the sex of younger individuals. Despite the existence of numerous studies on skeletal growth worldwide (Bilfeld et al. 2013 (Bilfeld et al. , 2015 Pujol et al. 2016 ), fewer studies have been conducted among Egyptians to determine the pattern of skeletal growth and, consequently, subadult age estimation (Boccone et al. 2010; Badr El Dine et al. 2016) .
The fĳi eld of forensic radiology has undergone rapid expansion and is a globally growing subspecialty of forensic medicine and radiology (Baglivo et al. 2013) . Today, postmortem radiology or necroradiology known as "virtopsy" has been used as an adjunct or possible alternative for the conventional autopsy in many mortuaries around the world (Whitby et al. 2005) . Recent advances in highresolution CT scanners, together with the improvement of software, have been refĳining 3D images year by year (Sidler et al. 2007 ). This provides a great deal of detailed information, much of which cannot be obtained using standard radiographic techniques (Flach et al. 2014) .
The objective of the present study was to elucidate the changes that accompany postnatal ontogeny in the sella turcica until full development and its signifĳicance and feasibility for age estimation and sex determination using reconstructed CT images.
Sub jects and Methods

Sample
The analyzed sample consisted of 215 Egyptian patients (126 males and 89 females), presenting to the Diagnostic and Interventional Radiological Department, Faculty of Medicine, Alexandria University, for multidetector computerized tomography (MDCT) of the head for various reasons. The patients represented diffferent ages, from birth up to 35 years of age, to cover skull development. Patients with a history of head trauma, craniofacial fractures, cleft palates, surgery, endocrinal disturbances, any bony pathology (congenital or acquired), genetic bone disorders, abnormal skull shape, or poor-quality radiographs were excluded from the study. The protocol of the study was reviewed by the local ethics committee.
MDCT Procedures
MDCT scanning was performed using a 20-detector helical CT scanner imaging machine (SOMATOM Defĳinition AS, Siemens, Germany). The patients lay supine on the scanner. The scan parameters and protocols difffered according to the patient's age and indications of the examination, with the lowest radiation dose for younger patients. Scan parameters included slice thickness ranging from 0.6 mm up to 1 mm with no gap.
Images were transferred to workstations where multiplanar reformatting was generated in sagittal planes. Measurements were performed in midsagittal plane. To abol ish diffferences due to measurement error, all the measurements were taken twice during two diffferent periods with an interval of 4 weeks. The average values were calculated for further analysis. All measures were taken by the same radiologist to minimize errors. Reconstruction of high-quality 3D models using multiplanar reformatting was performed on workstations using commercially available software (Siemens Syngo 3D). The size of the sella was quantifĳied by six measurements obtained on virtual skeletons in millimeters ( Figure 2 ).
Statistical Analysis
To facilitate the interpretation of results, the sample was divided using 5-year intervals. Data obtained was analyzed with SPSS (v ersion 20; IBM Corp.). Descriptive statistics were achieved for each measurement (means, standard deviations [SDs], and standard errors of the estimate [SEEs]). Student's t-test was applied to each age category to attain an initial approximation of sexual dimorphism for any variable. A p-value < 0.05 was considered statistically signifĳicant. In addition, the 95% confĳidence interval of the mean values was computed.
Accuracy was calculated as rate of agreement = (true positives + true negatives) / total tested × 100.
The correlation between age and each of the selected parameters was evaluated using Pearson correlation coefffĳicients. Linear regression analysis was performed to derive regression equations for age estimation.
Results
Age and sex distributions of the studied population are listed in Table 1 . Linear growth curves were applied to analyze the growth pattern, separately for those older or younger than 25 years of age, as the variables start to slow down starting at approximately this age ( Figure 3 ).
Age Diff erences in Sella Turcica Variables
All the studied variables except sella area showed signifĳicant diffferences between age groups (Table 
Width (mm)
Distance extending from the most anterior to the most posterior point of the sella, parallel to the Frankfort plane (FH); represents the largest anteroposterior dimension.
Anterior height (mm)
Perpendicular distance (vertical) from the TS to the sella fl oor, measured perpendicular to the FH plane.
Posterior height (mm) Vertical distance from the PClin to the sella fl oor, measured perpendicular to the FH plane Median height (mm) Vertical distance from the sella fl oor to a point midway between the PClin and the TS, measured perpendicular to the FH plane.
Area (mm 2 )
The area included by the outline of the sella and capped by a line joining the PClin to the TS. 2). Descriptive statistics of the measured sella variables according to each age group and sex are shown in Table 3 . Student's t-test was applied to assess sexual diffference in each age group. Signifĳicant correlation was recorded between the sella variables and age (Table 4 ). The highest correlation coefffĳicient was exhibited by the sella area (0.536) and the sella posterior height (0.531), while the lowest was by the sella anterior height (0.179).
Overall, the sella width is bigger in females in most of the age groups. The sella width is wider in females than in males from birth until 5 years old but the diffference is not statistically signifĳicant. A signifĳicant diffference is noticed between both sexes in the 20-to <25-year age group.
Sella length measurements are more or less similar in both sexes and in all age groups, except in the 5-to <10-year age group, though this diffference is not statistically signifĳicant. A signifĳicant diffference was recorded between the sexes only in the 10-to <15-year age group (Table 3) .
The sella anterior height is larger in females than in males, with a signifĳicant diffference in the 20-to <25-year age group. The same applies for the sella median height. Sella posterior height is larger in females but still not statistically signifĳicant.
Sella area is similar in both sexes. The males show larger area in the younger groups (up to 15 years), but this diffference is not statistically signifĳicant.
Age Estimation from Sella Turcica Measurements
For age determination, linear regression equations were obtained fĳirst using each of the selected measurements separately (Table 5 ). Six combined regression equations were built up for age determination: three formulas for <25-year-olds and three others for the older ages (Tables 6 and 7) . 
Discussion
The present research measured a total of six identifĳied parameters to delineate the growth of the sella turcica in both sexes in an Egyptian population.
MDCT was applied to take the measurements, as it elucidates minute diffferences of the skull's bony features that could not be demonstrated clearly by a conventional lateral cephalometric radiograph. The age range, from birth to 35 years, was selected because, although no considerable change occurs in the size of the sella turcica after 25 years, the study conducted by Hasan et al. (2016b) in the Malay population included individuals up to 35 years of age. Choi et al. (2001) reported that dimensional changes of the normal sella have a linear tendency with age until 26 years, after which no remarkable change was noticed.
In the present study, Pearson correlation coeffĳicients between age and the selected sella parameters showed a signifĳicant correlation (particularly the sella area and the sella posterior height). The study of Hasan et al. (2016a) , among the Iraqi population, reported that all parameters showed a signifĳicant correlation with age, but sella width had the largest correlation coefffĳicient (0.73). Andredaki et al. (2007) recorded a correlation between sella measurements and age, but all correlation values were low (r = 0.00-0.08 in both sexes).
In the present study we found that the sella length was greater in males from 5 to 10 years of age and greater in females from 10 to 20 years of age, yet this variation was not statistically signifĳicant. This is in partial agreement with Axelsson et al. (2004) , who studied a Norwegian sample 6-21 years of age and reported greater measurements for sella length among males, as well as a signifĳicant diffference in the 12-to 21-year age group. Table 8 compares the present results with those of other studies, in terms of methodology and selected variables. In the present study, the mean length of the sella was greater than that reported by Sathyanarayana et al. (2013) , who studied sella size among an Indian sample between 9 and 27 years old; in their study, the mean length reached 8.8 mm in the 9-to 14-year-olds and 9.6 mm in the 15-to 27-year-olds. The present study demonstrated larger sella width in females than in males in the <5-year age group, which is consistent with previous studies on other bones (femur, ilium, and scapula) (Rissech et al. 2008; Rissech and Malgosa 2005; Badr El Dine et al. 2016) .
From the ages of 5 to 10 years, the sella width was bigger in males, but with no signifĳicant diffference. This could be explained by the small sample size of females in that group. In the present study, females showed greater measurements for sella width and length in the 10-to 15-year age group, but it was not statistically signifĳicant. The pubertal growth spurt takes place two years earlier in females than in males (more evident in long bones), leading to a dramatic change and increase in the size of the pituitary gland and consequently an increase in size of the pituitary fossa in this age (10-15 years) . Equilibration between both sexes is achieved with the late growth acceleration spurt in males.
The results of the present study revealed that the mean anterior, median, and posterior sella height were larger in females than in males in the 10-to 20-year age group, coinciding with what was reported by Rai et al. (2016) among the Indian population. When comparing sella height between sexes, none of these dimensions showed signifĳicant diffferences in any of the age groups except for the anterior and median height in the 20-to 25-year age group. This is in partial agreement with Hasan et al. (2016b) , who reported anterior height was the only signifĳicant parameter between males and females.
After the onset of puberty, discrepancies between the male and female skull become obvious as the male skull develops some adult characteristics. However, only three variables (sella width and anterior and median height) showed signifĳicant sexual diffferences, particularly in the 20-to <25-year age group. The other variables did not contribute to sexual determination. Andreda ki et al. (2007) in his study among Greeks reported a signifĳicant diffference between sexes in sella anterior height.
The results of the present study are in agreement with Ize-Iyamu (2014), who stated that greater sella measurements are prevalent in the 15-to 25-year age group. The overall measurements were lower than what was that reported among the Jordanian population (Abu Ghaida et al. 2017) . Additionally, the sella length among both sexes was lower than those recorded by Shah et al. (2011) among the Pakistani population. The sella area in the present research was larger than that of the Iraqi sample (Andredaki et al. 2007) .
The discrepancies between the results of the present work and previous studies reflect structural diffferences of the sella turcica between diffferent populations. It was postulated that skeletal maturation is afffected by growth hormone, which is further influenced by genetic and environmental factors (chronic illness and nutritional status). Moreover, the technique used for measurement adds an additional point of diffference among studies.
Interestingly, although the area of the sella increases with age by about 0.1 mm, it yielded the highest correlation coefffĳicient with age. Added to that, when this parameter was implicated in the regression equation, the lowest SEE was obtained relative to the other parameters.
When the linear regression equation was applied to the sample, the accuracy of estimated ages from a single parameter turned out to be worse than that obtained from the combined model. A low SEE indicates greater reliability in the estimated age. The use of each variable alone resulted in errors in estimating ages ranging from 8.169 to 9.522 years. Regarding the accuracies obtained, the values were still lower from that proposed by forensic anthropologists (80-85%) to be applied with confĳidence in identifĳication purposes (Krogman and Isçan 1986; Bidmos and Dayal 2003) However, Kranioti et al. 2017 recommended that any obtained accuracies less than 80% should be treated with caution. In the present study, the sella anterior height exhibited the lowest correlation with age, as well the highest SEE (9.522) when used in the equation.
Since precise age estimation is a relevant issue in the forensic context and the regression equations derived from one population cannot be applied to another one, the studied sample was divided into two groups according to the age of the full development of sella turcica (25 years). Thus, regression equations were calculated for age estimation for both sexes and in the case of undetermined/unknown sex.
Six regression equations were formulated from the gathered data. The best model that provided a lower SEE, a higher R 2 , and a better accuracy was that concerning females <25 years of age (SEE = 3.636, R 2 = 0.771, accuracy = 77%), followed by the equation that could be applied in the case of an unknown/unidentifĳied sex with an accuracy of 65% and a SEE of 4.438, which is very close to that of the SEE of the male formula (4.913). This means that the range of error was about 3-4 years. The latter equation is helpful for age estimation in cases where no sexual diffferences are revealed (archeological and anthropological remains) and where the skeletal remains are fragmentary with peri-or postmortem damage. The accuracies of the equations of the older age groups (>25 years) were not satisfactory. The errors in age estimation within the three equations were very close (error of 2 years). Any of the formulated equations could be used for age determination among adult populations.
Several strengths distinguishing this present study from previous ones deserve appreciation. First, the sample size covers both sexes to delineate the growth pattern of the sella over diverse ages. Second, the implementation of modern radiological modalities and measurements of the sella on the 3D-reconstructed CT images provide an excellent anatomic representation of bones devoid of artifacts. Third, it is the fĳirst attempt to formulate regression equations from the sella for age estimation, yet the accuracy is still controversial. However, by adding other available bony parameters, it could be of value in forensic anthropology.
There are several limitations in the present study that should not be neglected. First, the morphological shape of the sella turcica was not assessed. Despite this limitation, six measurements were analyzed to determine the overall size of the sella, more than in previous studies concerning the sella. Second, the relationship between the size of sella and facial morphology must be studied.
Conclusion
This study has provided new fĳindings characterizing the growth of sella turcica among both sexes. Moreover, it is the fĳirst study to formulate regression models for age estimation from sella measurements among Egyptians. However, the equations of the younger groups (<25 years old) yielded better results, although they still need to be applied with caution in the forensic identifĳication context. Further research is warranted that applies the formulated equations among larger samples with evenly distributed age groups in parallel with the morphological analysis of the sella.
